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Outline of the lecture
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145/ Human Vision System

Rt 7 /Visual Sensing
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fist 53 = PRI + P

Haptic Sense = Proprioception + Cutaneous Sense
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TODAY’s TOPIC

1. Skin Sensation Mechanism
2. Tactile Illusion
3.

r

lactile Display




Rz 8 R (=B340 ) Skin Structure (Hairless Parts)
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£ 7 Mechanoreceptor: Sense Mechanical
%EBZ/EpldermIS »"\1’ AVRAN AN AT Deformation
{ e ﬁ"’ v ;% %8~ Shallow part

® 71 XF—I1MK.~MeissnerCorpuscle
@A) JLiHRE.~Merkel Cell

&R~ Deep part
® )L 71 =# K .~Ruffini Ending
® /\F /MK Pacinian Corpuscle

f Z D 1th.~Misc
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Deeper Tissue FreeEnding (Pain, Temperature)



i BRE-HELEZEN\RITYY
http://www.seishinshobo.co.jp/book/b88071.html
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*Densely Populated at the bottom of epidermis.
*Sense Static Deformation.

. . i AT IV IR (Principles of
*Pulse Frequency is Proportional to Deformation. Neural Science)

https://www.medsi.co.jp/kaigelisy
ousai/index.html .

When activated, Pure Pressure Sensation is generated.




(%%%) %?‘\;Eﬁ Pressure sensation by hot steam

T. Kai, Y. Kojima, Y. Hashimoto, H. Kajimoto, "Mechanism of Pressure
Sensation Generated by Hot Steam", ISVRI2011.
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e BRE-MELEZEN\RTYH
http.//www.seishinshobo.co.jp/book/b88071.html
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HIMDFITIHIRIRE, WNINIRZTELSD
*Densely populated at 0.5 — 0.7mm depth.

*Sense Low Frequency Vibration (15-100Hz)
*Has Resonant Frequency (30Hz) —L—L—L-

. . ﬁ))b?ﬁiﬁéﬂﬁ(PrincipleS of
*Pulse Frequency ~Vibration Frequency Neural Science)

https://www.medsi.co. |p/ka“\del_y

*Single Activity Generates “Flutter” Vibratory Sensation  , caiindex.himi




/\%__/J\ﬁi/ Pacmlan Corpuscle

iR BRE-HEOEZEN\VRTYY
http://www.seishinshobo.co.jp/book/b88071.html

-E‘F%ﬂ%ﬁl:ili‘%(:ﬁ&.

‘& BRIRENZ IS 25 (60-800HZ)(+ #R250HZ)
5 B B~ IR B R B I
HEBMOFHTEEXICMN-LOGIRIZE, IHEEROEN III
*Sparsely populated at deep region —L——hv—hr"

*Sense High Frequency Vibration (60-800Hz)

*Has Resonant Frequency (250Hz)

*Pulse Frequency~Vibration Frequency
*Single Activity Generates “numb” sensation, just like touching a tuing fork or speaey



N7 4=#AK Ruffini Ending
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FEET IS
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iR BRE-HEOEZEN\VETYY
http://www.seishinshobo.co.jp/book/b88071.html

*Sparcely Populated in a deep region (2mm~ depth)
*Senses Static Horizontal Deformation

*Pulse Frequency is Proportional to Horizontal Deformation.
*Single activation does not generate sensation
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Threshold [um]

o Merkel
= Vleissner
o Pacinian

10° ' '
S = ==Y s 11z v
Moment of Touch Moment ol Release
_ Frequency[Hz]
I / \ rme *Merkel: EHLRLT /£
a ‘Meissner: {ERERH 7. RE
werkel ¢ ([T e -Pacinian: BRRRS. misre
Meissvner‘! | | - *Merkel:DC / Displacement & Pressure
Pacinian T | | % -Meissner:Low Freq. Vibration / Velocity

=

*Pacinian:High Freq. Vibration / Acceleration



221 # 745, Spatial Roles

Pacinian

;iR BRE-HELDEZNAURTYY
http://www.seishinshobo.co.jp/book/b8807 1.html

‘Merkel: #iH LV, N\2—>_~Small Pattern
‘Meissner: EJE LD #AH LNEIZ,Small Area Movement
‘Pacini: [GLNETFEDEE.Large Area Movement
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B RE L2 B dr
Skin Structure and Mechanoreceptors
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-Epidermis: Hard

-Dermis: Soft

Merkel and Meissner are at the interface of the
two layers.

Stress is Concentrated at Merkel  Strain is Largest at Meissner

IS
Gregory J. Gerling, “Fingerprint lines may not directly affect SA-I mechanoreceptor response,” Somatosensory and Motor Research 2008.



EARIEEIZMerkellZkH>Ta—T 47 3N5
Shape is mainly coded by Merkel Cells

Skin surface P
© & N T IV iER
B _ i (Principles of Neural

Science)
v https://www.medsi.co.jp/k

andel/syousai/index.html
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j; > M- S. Weinstein, Intensive and Extensive Aspects of Tactile Sensitivity as a Function of
= lL % 1. Body Parts, Sex, and Laterality. In D. R. Kenshalo (Ed.), The skin senses, 1968.

MEAN THRESHOLD ({log 0.1 mg}
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Joseph C. Stevens & Kenneth K. i ] 1828 }
Choo (1996) Spatial Acuity of the 40— yrs
Body Surface over the Life Span, ¢ —
Somatosensory & Motor Research, 5 30 |—
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BRI Z R DIGE IR Ta—T 1735

Frequency is mainly coded by combination of receptor activities.
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Hho T IL#aEEFL22 (Principles of Neural Science) https://www.medsi.co.jp/kandel/syousai/index.html

F [ZMeissner&Pacinianh B &,
F=ELIREIF A/ EL EPaciniD N ZERIINE IshENEGY . 8 BIKERLG<E5
Vibration is coded by Meissner + Pacinian. If the vibrator size is small, high fieq.
threshold rises, (“spatial summation effect” of Pacinian corpuscle)




(EuroHaptics2016) Temporal integration of tactile
inputs from multiple sites

Sarah Mclntyre, Ingvars Birznieks, Robin Andersson, Gabriel Dicander, Paul Breen, Richard Vickery

Separation distance of the two probes

y I  FEEE L .
HHHHH HHHH
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Total afferent recruitment (amplitude)
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BRLZEMICIRBZS5Z25. IREDERMEIBLTBEET T . HIEHIZE-TIEFIZ
[(F2EDERHBIELONGENNEVSTARSFER IV T HR26EAIRELCS. LAL
BEDIZE16cm<LLEBEN T TEHFEBE L EIRMICRELS. CHIFIRIEZ/NSKLTHRLA
DT, W Ehot== E[FFEZ I,

Simultaneously presenting vibration to two sites elicit “doubled” frequency feeling,
although the positions are quite separated.




(EuroHaptics2016) Frequency-Specific Masking Effect by Vibrotactile

Stimulation to the Forearm, Yoshihiro Tanaka, Shota Matsuoka, Wouter Bergmann
Tiest, Astrid Kappers, Kouta Minamizawa, Akihito Sano

Accelerometor § Masking vibratos

BRECEEIYDLEDIREIZEZTEE, BICTPOPEIMEIZEZHLIEXDERENTE
[THATLED. ELDRARATIEINFELLZL. BIMICEZ2OTHERAL.
Presentation of vibration to forearm dramatically “mask” vibration feeling at fingertis:

o \,:‘



FDMhDOfh4r / Other cutaneous sensations

HERK W Hairy skin #EEH W Glabrous skin
\ l [ ! |
Ruffini 7J\{& Q@'ﬁm‘ T/
Ruffini Merkel ﬁ \’ree nerve >
corpuscles N Merkel's diskg_€ndings  /
<% g - |
- S Meissner /J\fF
= E Meissner's
" ﬁ _ corpuscle
Q.
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HEE g L EX
Hairy part Y Ap racniiie Glabrous part
. !'f Pacinian
L] \\l corpuscle
® E :
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=] : P
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(i} / N—LYLHBHETF R
— B Physiology of Behavior
> — 1///"\-_"\\4'\ S ﬁ]ttpﬁ://wvx?vz.maruzen— )
| [ —— N |/ KTEB puplishing.co.jplitem/b294439.htm
\ Y

Fhi LTS
R RERETIED B HM#E#RK Free nerve ending
. CEERE A SR Temperature sensation by two fibers.
- JBR:HEEHREITAVELM SCHlki AV HE L~ Pain sensation by two fibers
A E£EB.~Hairy skin
- EAZAZ Follicle Receptor
ENENDEZTOAFHGRERL) . SN2V, Meissner/MEIZEE
Activated by low frequency vibration, substituting Meissner corpuscle
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Myelin (Wikipedia)

https://en.wikipedia.org/wiki/Myelin

WM Z AR DEN DL DR APHLHE. —EPAyHEHE
« ERIZIFHZIEZ HMyelinated 7y fHE

CHil#£ : Unmyelinated/S 5%, {mZEEEHEL.

« SRERT: Ayl ECHikHE

J"_E Ay CCHlkHE (R DRA LEE)
i E &R D Meissner/IMAIZ A YA T HHE - AARCHkHE D FTE

y ’ﬁ%ﬁfil LB ERIZRE T DCHIENFE, FECEE 2




Table 7-2 Sets of Afferents Sensitive to Temperature

Threshold  Range
Group Axon (*C) C)
A\ i Noxious cold C-fibers, 0.5-2.0 m/sec, rare  26-27 Down
ME S to tissue
destruction
A\ rith Cooling A-delta, 13-15 m/sec, 34 34-26
ME denslty 50-70 fibers/cm?
s
). Warming C-fibers, 0.5-2.0 m/sec, 36 36-42
density 50-70 fibers/cm?
g rzs Noxious heat (1) C-fibers, 0.2-2.0 m/sec 42 42-52
am 52 (2) A-delta-] 42 42-52
Extreme heat  A-delta-l, rare 52 Up to tissue
destruction

B C AR D FREE/ Temperature & nerve

]
4

HEOBELGERE AdMm#EIX13-15m/s, C##0.5-2m/s.
Cllie (XTI E LN

im [ R R AR D

EEEEILEENEFNELZLIDMN?

HT oS AIae/iER A -
« AR Tf-S-BREOERERLIND, MERZHE>FREVAINDLE

° =

- REWHERERE:

SEMERR-RE:

NRIEDERE 1ML, TDHZEEHNSNESIDEFIET=ELC

RN ESEAFEETI>REVAD

« Moderate cool sensation is used for material identification, which requires
fast response (Ad). Noxious cold is environmental, and does not need to he
quick. Noxious heat might be used to avoid sun?
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EXRHOTIND ARG E

By using needle, we can directly measure nerve

aCt|V|t|eS . Vallbo, “Sensations evoked from the glabrous skin of the human hand by electrical
stimulation of unitary mechanoseisitive afferents,” Brain Res., 1981. qAS



Procedure
(Medical Doctor’s License Required)

(0)See where the nerve bundle is. (by ultrasonography)

(1)Insert a needle (¢0.1mm), which is connected to Amp&Speaker

(2)ldentify Location and Type of Receptor by the Sound.

(3)Do Experiment on that Location.
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EIROTHAND ? I K FEEIE

How we know?: Skin recording

Finger pad Flat Surface Smooth Bump

fingertip

light
SoUrSE Amcra

V. Levesque, V. Hayward, Experimental Evidence of Lateral Skin Strain During Tactile
Exploration. Proc. Eurohaptics, 2003.

https://youtu.be/bdgmGrESe14?7t=681
Levesque (2003) Experimental evidence of lateral skin strain during tactile exploration

Optical observation only for flat or smooth surface.



When We Touch Rough Surface




Make It Optically Transparent

Oil Finger
—

1

High-Speed Camera

Object




Skin Deformation on Textured Surface

Fing
=1 = S = '—v‘_. — o >
‘.‘.\ — Do Texture
\ | b - / .
|l B [ = = |

4 50 50 %7080 a0 (00 e

il ’l]lliIl!lll]lhllh}lllhMI’I’IMI’IIIMIlllIIIIllIIIllllllll'l'l'l'l'I'I'II‘MIIIIIIIIIIIllllllllllllllllllllll’llll;
S.Tanaka, S. Kaneko,H. Kajimoto: Three-
dimensional Measurement of Skin
Displacement, Haptics Symposium 2020.



TODAY’s TOPIC

1. Skin Sensation Mechanism
2. Tactile Illusion

3. Tactile Display
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[1lusion related to spatio-temporal interaction: Apparent motion

HhEB
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BRI hOF s Aashe s 7 7 v At B—Tav
[llusion related to spatio-temporal interaction: Phantom Sensatlon(Funnehng )

Hh A =B

O KHITIE L AR Tl
‘ O 1 KL - DN IR,
o EIIRE TS

yI=RIV]
®Generated by short pulses
®Image generated between
‘ ‘ stimulators
®Position can be controlled

Hh A

5 FEE]
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(%7) Virtual Rolling Stone

Frequency (Hz)

01 03 05 07 09
Time (s)
HDHZER STV EBERZE T VL, ERSIRE E & R IRE 2 RE) 28> TH
. RN OEENEZHETE., 2OIEFEITIT L,
Yao, Hsin-Yun & Hayward, Vincent. (2006). An experiment on length perce otmr
with a virtual rolling stone. Proceedings of Eurohaptics. %
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cutaneous saltation, rabbit

fix t
vary |
measure [*

position (cm)
o o

Space time (s)
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time @ fcm)
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Q@ https://en.wikipedia.org/wiki

Q /Cutaneous rabbit illusion

time
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g3 B (1): NIV I Y 22— a3
[1lusion related to tactile feeling: Velvet Illusion

VD H (77 =277 yNad) 2l T

Hit2ICE g &, TUVELT=LR Y

N

R

LCA, (HTilLELED)

NI AP2ARTHHEL D, 2 NTHLEL L)

Sandwiching coarse mesh of a net, such as tennis racket by tw -
hands, and moves. Then, smooth surface like velvet is felt.

\



R Z B 9~ B85 Ml [llusion related to tactile feeling (2): FiSthHE@%%

Nakatani, M., Howe, RD., and Tachi, S. Surface texture can bias tactile form perception. Exp Brain
Res., Springer, 208(1), pp. 151-6, 2011. PMID: 20981539.

T EHRICY) ST BRI . 1545 I 72258, MBI AT O
AL EDI A TR B, (FTHALELES) o :
IER R TR A G BB N 2 BT TN, ‘



w3 2esae): W g 22 H E g R

lllusion related to tactile feeling: AIr suction perceived as pressed.

Y. Makino, N. Asamura, H. Shinoda: A cutaneous feeling display using suction pressure. SICE Annu. Conf., 2003.

ZEWE]IC J:éJ:T:E_&._JﬂZ/Usmg air suctlon (B TlLZEL L)
REIEHT T, RREFMEICELHIEIRILFT—DIEIL->ANIZRBITELGLY,
EROWE T EEEEFWTART SoLCEO>TECHMBRR, o

Suction and push produces the same strain energy, so human cannot distinguish.



TR B R Temperature related illusion (1):Thermal Referral

(ol

NAUIREFESF 2 L5 EThOZ D E ., iR T TY
SLDOPMTIEEC D, WPV IITHAECD, (KTl ELrd) o -

Two cold stimuli generate illusory cold sensation at the middle.




(CHI2021) ThermoCaress: A Wearable Haptic Device with Illusory Moving Thermal Stimulation
Yuhu Liu, Satoshi Nishikawa, Young ah Seong, Ryuma Niiyama, Yasuo Kuniyoshi

ThermoCaress ¥

A Wearable Haptic Device with lllusory Moving Thermal Stimulation

Yuhu Liu, Satoshi Nishikawa, Young ah Seong, Ryuma Niiyama, Yasuo Kuniyoshi

https://www.youtube.com/watch?v= Pn5qQHEZzIs
Thermal ReferralZfdivy, {BEEERIZBEIL TORWDIZRE)KZHT,
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2): Thermal Grill Illusion

ALZELLD)

R X TR A RISV THI
LR, 2 N2 522 OMHIA . FWAPRTEIND, LSS,

« Simultaneous presentation of warm + cold at close range to generate pain.

e Normally, cold stimulation simultaneously excites nociceptors, but it also Suppre&ses S
pain pathway. The application of warm stimulus removes this suppression.



R HEERICEBFEEAHNE] / Tteh relief by hot/cold stimuli

R. Watanabe, N. Saito, Y. Mori, T. Hachisu, M. Sato, S. Fukushima, H. Kajimoto: Development of Roller-Type ltch-Relief Devicel
Employing Alternating Hot and Cold Stimuli, CHI 2013 (Ex-tended Abstracts), April27-May2, 2013, Paris, France.




B E O ER) /Thermal cutaneous rabbit

[HapticsSymposium2016] Space-Time Interactions and the Perceived Location of Cold
Stimuli. Anshul Singhal, Lynette Jones

e o © ® © ©

— >
A© spac>e AO space
v D@® 4 D@

A B3 Ak B

BT SR O AR ZRLGHGEHIIRTLUF, BPOAEOMEMENRRIIZIVTIC
WLTEIL BERREICBVLWTLRZERMBEEERANE ST RLT,

Several cold sensations are presented intermittently at different locations. The perceived position of
the cold sensation during the presentation is dependent on the timing of the presentation.



i ERIDIEE Ik BlLEBN&AL Apparent motion of thermal sensation

between two hands

(Towards Intermanual Apparent Motion of Thermal Pulses, Daniel Gongora et al., UIST2017)
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I R D IERR B R Continuous heating
(WorldHaptics2017) Asymmetrically-Applied Hot and Cold Stimuli Gives Perception of Constant Heat. Ahmad
Manasrah, Nathan Crane, Rasim Guldiken, Kyle B. Reed
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TODAY’s TOPIC

1. Skin Sensation Mechanism
2. Tactile Illusion
3.

r

lactile Display
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R E—AXICLAZE4/Vibration Motor

ZE R ()

H#Faﬂﬂ,&zﬂl(r'éﬁf')

T—AX +HROPBHY motor + eccentric mass
- BEZEEZALEEO S I IRIERRIFHCZE ¥, Frequency & amplitude

change according to applied voltage.
- M. T AF D ERITIIAME, Not suitable for hi-fi tactile feeling.
- EMFEETPacini/IMED J& Bl THREN 45 89128% 5. Frequency at

rated voltage is at the range of Pacinian corpuscles.
- BRI KEEBNZ I, Good for notification.



EE IR /7 F 2= —A~/Linear Resonant Actuator

http://akizukidenshi.com/catalog/g/gP-06838/ https://www.precisionmicrodrives.com/product/c1 EEI:ZHLJ:%%ﬂzd)ﬁ@]&?ﬁ@]}’&ﬁﬁb‘f:%éﬁv\d)
0-100-10mm-linear-resonant-actuator-4mm-type ~ ftRIR R AI4E%GS O—T OFF,SICE-S12014

Mt x3HY) L — R MR T D E TOFRIEEN {80msHE &

A ZATA NARE) I LR 247 ¥ 7z Linear Resonant
Actuator: E4E10msLL .

MR 2150Hz ~ 200Hz, PacinifilsziHS
BHEAT—hT 4V, Ze—b7 Ay FIT

| gy |




EEj IR /7 F 2= —A~/Linear Resonant Actuator




EEj IR /7 F 2= —A~/Linear Resonant Actuator




(UIST2020) Haptics with Input: Back-EMF in Linear Resonant Actuators to
Enable Touch, Pressure and Environmental Awareness
Artem Dementyev, Alex Olwal, Richard F Lyon

UIST 2020

Haptics with Input: Back-EMF in »‘\‘

Linear Resonant Actuators to
Enable Touch, Pressure and
Environmental Awareness

Artem Dementyev
Alex Olwal
Richard Lyon

Google Research

https://www.youtube.com/watch?v=f4mckHLWBd4

LRADMEEENZHIE T HIET, LRABEOLN TS, EDOLND S THINTLdHn
Zatill 9%, LRADFEEE N HIEIE I TIZE DR FA NS TND, ,




Actuator should disappear?

||||||||||||||II|I|I|IIII|I|I
IIIEIIIIIIIIIII

Ultrasound generates Static Pressure &
Iwamoto, Maeda and Shinoda “Focused ultrasound for tactile feeling display,” In Proc. of ICA@JS\"I.
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Airborne Ultrasound Tactile Display

https://www.youtube.com/watch?v=hSf2-im0SsQ

-~
N\

N
Hiroyuki Shinoda, Airborne Ultrasound Tactile Display. Journal of the Robotics Society of Japan, 2018



(CHI2016) HaptoClone (Haptic-Optical Clone) for Mutual Tele-Environment by Real-time
3D Image Transfer with Midair Force Feedback
Yasutoshi Makino, Yoshikazu Furuyama, Seki Inoue, Hiroyuki Shinoda

https://www.youtube.com/watch?v=

HERMREZAW-ZREME.




Mid-Air Tactile Stimulation Using Laser-Induced Thermoelastic Effects: The First Study
for Indirect Radiation, WHC2015

Hyung-Sik Kim et al., "Evaluation of the Possibility and Response Characteristics
of Laser-induced Tactile Sensation," Neuroscience Letters, Vol. 602, pp. 68-72,

2015.

¥ = 1.
o Index finger

%

(a) .
Optical table
ptical ta - e Response button j§

l.ase:] Optics

Trigger
maodule USB s

BEFROSIRILF—L—Y—XEEEREDE-IEZTD LD5E
HRICHTEHIETNNILRIRDEERZEL, HRZFIRIRTES. .
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How to present tactile feeling?

Macro roughness
(Uneven, Bulky)

Fine roughness
(Rough/Smooth)

. ) ) Hardness
Tactile Dimensions (Hard/Soft)

of Material Textury

- 5 Friction Warmness pr———
- (Moist/Dry, (Warm/Cold)
Sticky/Slippery)
B B R B (B R )

KE, EAX, IUH MENTIRAFrOMERRTHERICET S KSR, TVRSJI2011

ZERERE ()

o FRERII RIS, AN, EE, BB EE. TSNS,
- DR -BRILERMEZEERALANILIZEITFSS,

« Tactile feeling is composed of macro/fine roughness, hardness, friction,

and warmness.
« Record & replay of tactile feeling has big potential.



T

L H-I-.L
C*

KE, BA, WA MEMTIAFYOMERRTERICE T SHEEMA,
TVRSJ2011

DR . AE—H/ Audio speaker is ideal

»

ZE R EIR B (A S)

¥ i fE EZ?!I(F‘%:EF‘)

Macrc)?ughness

. Uneven, Bulk

Fine roughness ( )
(Rough/Smooth)

Hardness
(Hard/Soft)

actile Dimensions
of Material Textures

Friction
(Moist/Dry,

Sticky/Slippery)

Warmness
(Warm/Cold)

T LE—A&, LRAKXTLTJZZ\}IAF"&‘)J%01@"55‘60)0) (LD JEW P
B, Arbitrary frequency / amplitude can be replayed.

EXE RIXFIEA —T 4477, Audio system can be utilized.

A Sk, FiTPacini/IMAD R Z D (D3I 22 Fa'flﬁ’)ﬁ%ﬁ@?ﬁc%)ﬁﬂ
&R T % R Z 43 5 (DSBUT ZE IR R D720 ) Rl oy M R
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Acceleration sensor inside

P

sensor Speaker

Users hold speakers with their hands and an
elastic band around the speaker cone seals
the air between the palm and the cone.

Y. Hashimoto A Novel Interface to Present Emotional Tactile Sensationto =~ =
a Palm using Air Pressure, CHI2008 /b

1Hz ~ 2HzA8 EE OIRE b iR TE D728, FIZIT AL BB TE S, A
E—H72F TMADE—HDOZE L EE L7R0, AT D01 -
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Miniatualization of the speaker

KA A
- .
N | iEs
| BRI v
ForceReactorf& &

FHZE S ERE T OIRE) 1 LU TV O BRI

T AE—hLDHHZE SHEICB LD
- NECh—Fy . v NF T 72— (B T)
- WARKEEE A IREAE—F

- T Faz—RDIRZE TRLIEHD

- AlpsAlpine: ForceReactor=Haptic Reactor

- iR Rt EHEL TGE SN TS hD

- Haptuator (Tactile Labs)




Structure of HAPTIC Reactor (Alps Alpine)

. EE (L)

JADTiE/

https://tech.alpsalpine.com/prod/e/html/haptic/

E8hH m/s?

[V A

100 200 300 400 fiHz]

o WIRBENZ2DOD IR A DB BT ETIRIAVVEIRD 7] BE,

 Two resonant frequencies at different axes.

o LRAERE—HBT 2 F 2 — XM, LRALHENBZEh, o

e In between LRA and high-fi. S



Structure of Haptuator mk2

=N
HRELY
A

BULSR

o WeRBIANZH @Y DO, Wh i

T Thib

o IANDIEWIFEIZEh R I RE R A E A,

o BEPALL TEA + .52V, AL

AT D7280, HREIED

HR P REV. SHIEAKITH N Dl R e TIXE .




Ak -Similar Structure: “Simplest Motor”

.pu\u W

e gt

AN VU TAA RN VA 1!

!
\n\mm\uunmlmummmummmmm»\\\\\‘ OO URE

Wl
\\11

R (V=T ) BE—=XEL THA R BL DR,

o HAEIM+ RA DU LA IR THENE T, B3 X,
o JKDHDiEME R EID RN T TEDEE T, gkl KI5,
o ERRIIN-ZTLL ‘aﬁﬁﬁ%fﬁ% Haptuator Mk2&[RIUREE , 1 o
BIAANZ Bl d 5. BN

\



DCE—XIzLAHEEEE R/ Vibration by off-the-shelf DC motor

V. Yem, R. Okazaki and H. Kajimoto, "Vibrotactile and Pseudo Force Presentation using Motor Rotational Acceleration." Proc
of IEEE HapticsSymposium, Philadelphia April 8-11th, pp. 47-51, 2016.
N

Housing Rotor 6 g < Vibrotactile Vibrotactile
N4 actuator actuator

Accelerometer

Accelerometer

Skin

Adhesive tape

M. Manabe, K. Ushiyama, A. Takahashi, H. Kajimoto, "Vibrotactile Presentation using a Motor within a Housing and Rotor
Fixed to the Skin,” Proc. IEEE World Haptics Conference, 2021.

i E— A OB REL Em A il e RITRHTE 4.
Hjjj fild Bz JEIZ R E 3 IUR B FL 0 bR TX D,

m |

i




AT T/ BT & AN L CTHUR T2

Channel Dial

(CHI2019) Magnetact: Magnetic-sheet-based Haptic Interface for Touch
Devices, Kentaro Yasu. htips://www.youtube.com/watch?v=v5s1byAfocl

video image: NHK Creative Library

I—MREEARICEDFT Ly EOMBIRTR, hFAFRGE,

l'\‘
- |
,\ﬁ

(UIST2011) FingerFlux: Near-surface Haptic
Feedback on Tabletops, Weiss,
Wacharamanotham, Voelker, Borchers.
https://www.youtube.com/watch?v=trM7mXOjNFY
ATLYRDTICEHA. IBICHAEZEIRYMAITS

Sounds Added to Indicate

(CHI2019) Magnetips: Combining Fingertip
Tracking and Haptic Feedback for Around-
Device Interaction Jess Mclntosh, Paul
Strohmeier, Jarrod Knibbe, Sebastian Boring,
Kasper Hornbaek
https://www.youtube.com/watch?v=-IBZ2xzx2jU
ARX—bOFYFOTOEHE. EICHA, A
MEREICEAWNS

Masa Ogata

CHI 2021

A Computational Approach to
Magnetic Force Feedback Design

Yuki Koyama

(CHI2021) A Computational Approach to Magnetic Force Feedback Design
Masa Ogata, Yuki Koyama https://www.youtube.com/watch?v=RovY0aoNBJ8
HWAICKSMBEREtOR#EL,

MagnetlO: Passive yet Interactive
Soft Haptic Patches Anywhere

Alex Mazursky, Shan-Yuan Teng, rd
Romain Nith, Pedro Lopes =

THE UNIVERSITY OF

CHICAGO

(CHI2021) MagnetlO: Passive yet Interactive Soft
Haptic Patches Anywhere

Alex Mazursky, Shan-Yuan Teng, Romain Nith,
Pedro Lopes
https://www.youtube.com/watch?v=hsCo3g2:/ky0
REBAICHAERDAH, fBICaML




R T 4 A7 LA/ Thermal Display

Macro roughness
(Uneven, Bulky)

(Rough/Smooth)

. ) . Hardness
/ Tactile Dimensions (Hard/Soft)

[ Fine roughness

of Material Textures

| ,nEﬁfE > "j' + *%ﬁﬂ‘t’ W 'U' Friction "
i (Moist/Dry, a 0
/\)ba‘_li; ry <] (Warm/C ld)

Sticky/Slippery)

KEF, A, B MENTIRAFrOMERRTERIZETS
HZRENA, TVRSJ2011

:A ! YEfhERE N2~ 3F B DEEETIEN
MERHEDRNLGTFELMY

2 to 3s temperature change is the key

>
F¥fE  to detect object property.
Peltier device with temperature sensor
IS used to reproduce the time course.

A

Yamamoto, “Control of Thermal Tactile Display Based on Prediction of Contact Temperature,” ICRA2004
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Quick & efficient temperature presentation

3 i - s @ 1
I'i,ln .LJ:'H \-.. | .
None Warm Cold None

Stimuli r—— .
[]Warm adapting stimulus
Adapting Warm Cold Adapting D{Zﬂld adapting stimulus
o . Warm stimulus
None Warm Eﬂld None

Katsunari Sato and Takashi Maeno: Presentation of Rapid Temperature Change using Spatially Divided Hot and
Cold Stimuli, Journal of Robotics and Mechatronics, Vol.25, No.3, pp.497-505 (2013.6)

BENILFIRFFZAVTCE ATRR. s iR TREeBYRT EANBELIERIR.
BOSFRFEAPLPTRFES W‘f%m&’(‘ﬁd]&’fbb\’)}%&d)m RIZITRHYAIEE,
AEZDHDTIIESEILRT DAHFIRTT HETHRERIE., E1F1E,

Peltler devices are often used to present hot and cold. If hot and cold presentation is repeated. néat
accumulation occurs. This problem is solved by (1) separating the heating and cooling elements
and (2) presenting not the temperature itself, but only the components that change.



RGB projector

/’._\\

N ,/" \\ /f

IR projector

yertica) &

Daisuke Iwai et al., Non-Contact Thermo-Visual
Augmentation by IR-RGB Projection, 2019 IEEE TVCG

FNTADTHATEREE

JL B2
¥

|If |
o2y RGB projector ||. C.:
N

Mitsuru Nakajima, Yasutoshi

DI mhE s~/ Thermal Projection

Ultrasound
Phased Array

Mist

Cold Spot
Air Flow

Duct Hose

Ultrasound Beam

Makino and Hiroyuki Shinoda,

“Remote Cooling Sensation Presentation Controlling Mist in

EKS)

Project thermal sensation by IR projector.

Midair,” in Proc. 2020 IEEE/SICE International Symposium on
System Integration, pp. 1238-1241, 2020.

EHEBEERICLDIZSALDMEE
RAWTEE (TR) Z1RT
Presenting cool sensation by
mist conveyed by ultrasound.



E{E‘f@’f B%H@%ﬂ_‘_\‘ (CHI2020) Trigeminal-based Temperature Illusions

Jas Brooks;Steven Nagels;Pedro Lopes

trigeminal-based temperature illusions

jas brooks, steven nagels, pedro lopes

N

® CHICAGO

https://www.youtube.com/watch?v=rEYslUk7bgk
BIEEORICH T ATV EF AT =2 15, RITE




HMD & G e/ HMD and temperature presentation

—~ (CHI2017) ThermoVR: Exploring Integrated
Thermal Haptic Feedback with Head Mounted
Displays

Roshan L Peiris, Wei Peng, Zikun Chen, Liwei
Chan, Kouta Minamizawa
https://www.youtube.com/watch?v=kNXgA9xDwCo
HMDIZIE & (SR B SE) 2 5. ER I B

Telexistence S%stfm
etup

Omni Speak:

(CHI2018) Ambient: Facial Thermal Feedback in
Remotely Operated Applications

MHD Yamen Saraiji, Roshan Lalintha Peiris, Lichao
Shen, Kouta Minamizawa, Susumu Tachi
https://www.youtube.com/watch?v=Ewe2X663NNE
TLAT DRV RARETHDRERBEGELZRIR

| \%
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BAND BRI X S m 5
Saito et al. Thermal sensation presentation to the forehead using electrical stimulation: comparison
with other tactile modalities and polarity effect (WHC2021)
m 7
B | |
N | |
N | | |
n | |
B | I

1mA 1.5mA 2mA 2.5mA 3mA

O B N W A 00 O N O O

mREEE =iREEE = ERMEE

0 -
555555555555555555555555555555

REYAREE SR IRENRARE

« BRANFTHRZAELCDI ZERHD | LD TIEL > OKDEIIT) LD,
o LRIPHIRETIEBIRIN TV, 4 RIIETOBILZ i I RE]
o« JERREOMBAREK, IRENEFZEDOMH BN REF OB 330 ?

» Electrical stimulation occasionally produce a cold sensation. High correlation with
pressure sensation, low correlation with vibration sensation.
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How to present shape information?

— -
i Macro roughness
Uneven, Bul
Fme roughness k) -
(Roughmeocth)

{u\ . . . Hardness
A Tactile Dimensions (Hard/Soft)
& of Material Textures -
o
-
% Friction Warmness ~
£ (Moist/Dry, (Warm/Cold) | g <
Sticky/Slippery)
F ] B OB 38 (s 5 R E) XS, @A, LM HENTIRF» OB ERRTERCET SHEEA, TVRSJ2011



3D shape
reconstruction

v
%
e
te
e
+
5
o
g
»
»

55voa5Pee2M

?v=

/lwww.youtube.com/watch

Xmen,2000 https



PopUp(Nakatani et al, 2005)

By -
A |

SharpPancl
T — IR

Coil-Type SMA (Shape Memory Alloy)
Extremely thin and large stroke



2013)

FORM (Sean Follmer,

In

SEKkTVS51Pg0

/lwww.youtube.com/watch?v=

https




(UIST2017) NormalTouch and TextureTouch: High-fidelity 3D Haptic Shape Rendering
on Handheld Virtual Reality Controllers, Hrvoje Benko, Christian Holz, Mike Sinclair,
Eyal Ofek

!

https://www.youtube.com/watch?v=KhbUg3 3TOl

INRANURTRIDREFADE T A AT VA4 5. —DIMASZ iR, O —DIX X017
SHARETHE R JUTPERDIRB 7 IV ISR FIen TETE.




[s Actuator really necessary?:SandScape
(Yao Wang et al., 2002)

RYRE5— / - FINAAS

i (E—X)

/\/LS\_

@ FHrE

http://tangible.media.mit.edu/projects/sandsce;




SEGA Z—T297x1X(2015)

https://www.youtube.com/watch?v=IKR4BDuwZIU




M T Lo THEEZRDDIIA A (1/2)

What is essential for bump sensation?

Force-masked bump Force-masked hole
with control virtual bump with control virtual hole
(condition 6) (condition 7)

F
b Physical surfaces _/\. , >y -
Fox Fox ' _v

F

px Force-masked bump Force-masked hole
with aligned virtual hole with aligned virtual bump
Physical bump (condition 4) Physical hole (condition 5) (condition 8) (condition 9)
c a b Subject'i‘ﬁnger
Flat surface Curtain
Plat
Fox 7 e
1 0] I r—— Plate HaptiC <= Load cell
F_= interface Shim «=Frictionless joint
px
j ~ Wheel
Virtual bump Virtual hole Ho l
(condition 2) (condition 3) t t t
Table Physical Fixed Physical
d surface reference surface

YA _ ] EAEFYBOMM=EARON A (TL—%) 1&
NS HABDIRARIEVSFADY,
Force-masked bump Force-masked hole rﬁg:{ﬁj J: L} :E, r jj JE@?& L/'C H-Z)lﬁ %u ﬁ% L,'CL \
Do

Gabriel Robles-De-La-Torre & Vincent Hayward: Force can overcome object geometry in the perception ot sfiac=s
through active touch Nature 2001.
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What is essential for bump sensation?

wggggg
[E—] |

®
o 00~

RERZMBERDFENHNY:
BROHEZ 1> >HEDES

Maarten W. A. Wijntjes, Akihiro Sato, Vincent Hayward, Astrid M. L. Kappers
Local Surface Orientation Dominates Haptic Curvature Discrimination, Trans. On Haptics, 2009.
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Satostif®aga, Koichiro Deguchi

| = A Tohoku University, JAPAN

Http://www.voutu be.com/wétc?v=Prq9-uJSqSE

{:
£ it . BIHG HE B2 5RTIE T4 R TLAI2B 1+ 2 E B MM MBI R E . VRES AL2011 %



Passive type Horizontal Display
B IRENC X DEEBLR B LD T,

Controlling friction coefficient by ultrasonlc vibration

A7 A —Z5h R im P PR B TR D A 95
Squeeze effect: friction is reduced by high freq. vibration
BRI EHA S DR BEEREBODRE R hE

Combined with pos. sensing, friction distribution is displayed.

Nara et al., “Surface Acoustic Wave Tactile Display”, IEEE CG&A, 2001.
Winfield et al., “7Pal: Tactile Pattern Display Through Variable Friction Reduction’, World Haptics Conf. 2007



Passive type Horizontal Display
AN [t d = X S DL GR I AE

Using adhesion between skin and electrode by hlgh Voltage

el o A

Kaczmarek et al., “Polarity Effect in
Electrovibration for Tactile Display,” IEEE Trans.
Biomedical Engineering,, 2006.

Olivier Bau et al., “TeslaTouch: Electrovibration for
Touch Surfaces,” UIST2010




TeslaTouch (2010)

https://www.youtube.com/watch?v=3I3MDNZk-3|




[Haptics Symposium 2016] eShiver: Force Feedback on Fingertips through
Oscillatory Motion of an Electroadhesive Surface
Joe Mullenbach, Michael Peshkin, Ed Colgate

-

Position

Micrometer
Slide

Load Cell

Phantom Finger

Anodized
Aluminum Plate

g

Electromagnetic
Shaker g

Displacement © 2
Sensor Prabe |

.' Fig. 4. eShiver Experimental Apparatus.
High Friction Low Friction
—
Time

HEROME T RTLAEKTRBSE, RBLAML CERRMELILILRIET, -
FRAICHEELS RS, DEYRVF/ARLTO AR, .



Drive module o Gear covers
(intact)

Torsional ¢ Attachment to
spring kinesthetic device

Bearing

R. J. Webster Ill, T. E. Murphy, L. N. Verner, and A. M. Okamura, “A novel two-

dimensional tactile slip display: design, kinematics and perceptual experiments,” N. G. Tsagarakis, T. Horne, and D. G. Caldwell,
ACM Transactions on Applied Perception, 2005. “Slip aestheasis: a portable 2d slip/skin stretch
R—ILE2BEERE, EDYIVRAD LI display for the fingertip,” WHC2005

VITFSTIWNEATTR) TR

The Slip-Pad: A Haptic Display Using Interleaved Belts to
Simulate Lateral and Rotational Slip, WHC2015

RNILVNTRY) T RBRER RS HEBEEXY2BHETE/RLIZ. S5
KELTRNILNMZZHONER T THMEZRLPILTLS.

| \%
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Macro roughness
(Uneven, Bulky)

Fine roughness
(Rough/Smooth)

. ) , Hardness
Tactile Dymensions [(“a,d/s()m

of Mateyial Textures

/

Warmness .
(Warm/Cold)

KEF, BEAR, LB MENTIAFrOMERRTERICET SHFEEIR, TVRSJI2011

Friction
(Moist/Dry,
Sticky/Slippery)

BIKBRD AT, ERIGEEZESH -t 5 ETStick-SlipRZFED
REIREEE TIR? EIﬁbL

\ﬁ\‘



S/ TP F AR TRELTE D0 2

Macro roughness
(Uneven, Bulky)

[ Fine roughness

(Rough/Smooth)
_ . ) Hardness
Tactile Dimensions (Hard/Soft) J
of Material Textures
Friction Warmness
(Moist/Dry, (Warm/Cold)
Sticky/Slippery)

KE, EX, WH - MREHTIRAFrOMERRTHERICET HHEEIR, TVRSJ2011

DHMICENRBRREE T AR ZF I \DEHZ:

=L TR
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Figure #&: The prototype CASR display.

EMEBEOELZHRIHIETELNSEIRRTED

Macro roughness
(Uneven, Bulky)

Hardness
(Hard/Soft)

Fine roughness
(Rough/Smooth)

Tactile Dimensions
of Material Textures

Friction
(Moist/Dry,
Sticky/Slippery)

KE, FA, WA MEHTIZATFY
DO ERRTEAICET SHEEM,
TVRSJ2011

Warmness
(Warm/Cold)

G. Ambrosi et al.:The role of contact area spread rate in haptic discrimination of softness, ICRA1999
K. Fujita et al.: A new softness display interface by dynamic fingertip contact area control. SCI12001.
M. Bianchi et al:A new fabric-based softness display, Haptics Symposium2010

w‘\%



[HapticsSymposium2016] Measuring Tactile Cues at the Fingerpad
for Object Compliances Harder and Softer than the Skin, Steven C.
Hauser, Gregory J. Gerling

. A D
Lﬂﬂd {:E“ . mm indent
5
B 4
; 3 B
supportat Q' @ 2
angle 0 - 1
Ara;;:.' Area= 0

1 .';l.!?lcm 1 Tem? 1em

B ZTYIKRICIRLATREICEZoNSTRLLIBN A THLINZMHESE. EERITIBIZ DUV
A DERIZERE. ANDAZMAT-FDEMETBORESE, NEEXMDERIEETHS
ZEDRHhhof:




[HapticsSympo2016] Extension of an Electrostatic Visuo—Haptic

Display to Provide Softness Sensation
Taku Nakamura, Akio Yamamoto

Conceptl@ialfimage

Softness Lat. force
Pressing Sliding
lmotion motion

Friction by Electroadhesion

HEREMARRTEE TERONSRELGOINKHEGERBTHI FEZER
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Relationship between Hardness and curvature

%@:@uﬁ&o@%ﬁ BRI SRS, _
e ¥oT. BRI CH ﬁ%ﬁﬁﬁ)ﬂ’?éﬁmﬂ@v\?ﬁ%i@fﬁf‘%éﬁﬁ%ﬁo

e The boundary between two elastic spheres colliding at constant velocity is a plane. If we make

the elastic spheres move in opposite directions at the same speed, it may be felt as a plane.

« M. Takeuchi: Presentation of a hard surface via a soft moving ball, Work-in Progress, Haptics Symposium 2020
« M. Takeuchi : Modulation of Curvature of Soft Ball by Facing Motion (WHC2021)
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How to produce High-resolution Tactile display?

ZEREE R (A )

Ao

e B PR 3R (W 25 )

o INFETHIIITETEL, THE—ARLEF NTHL Ttk ZH <550,

o (EHUEIZSORD) mihre/e ) Rie n i (PHANToM) THH R Dk 7%,
wearablefb, portablefbL 7z, ERAZLLTE S,

o  HLEMREHREZ NDPERDAL NIV TR0, 56D H O 2L b e
N TEIRNEVTRY,

« Until here, most tactile displays are for “the whole finger”, but higher-
resolution tactile information is required for precision tasks. N




Pin matrix drive

y
A’i‘ i —

RimPad: Touchpad Interaction
withrFastand High-Resolution Tactile Output

Jingun Jung, Eunhye Youn, Geehy

https://www.youtube.com/watch?v=B8UshkVpuAE 8X8:1:“/]‘0).§'§|Z@'} (%/ﬁmmﬁa@{#ﬁq )

CHI2017 PinPad: Touchpad Interaction with Fast and High-Resolution
Tactile Output, Jingun Jung, Eunhye Youn, Geehyuk Lee

N

),
i

FH

e —

_LA‘_‘H
DGR

L

=

Sugarragchaa Khurelbaatar, Hirovuki Kajimoto. Tactile display
combining electrical and mechanical stimulation. EuroHaptics'16 WIP

LT I Fa T —RZDINSS, B3I

®Numerous, dense arrays—Actuator needs to be small and cheap.



ﬁﬂ'u' _\\417 l/’f/ngh resolution tactile display

11|I||I.I. II1 “!I " |I |I I |I_| _Illu'

Plorne 4

Piane 3
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\ 4
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N \\\ // A

[.H. Killebrew et al., “A Dense Array Stlmulator to Generate Arbitrary Spatio-Temporal Tactile
Stimuli,” ]. Neuroscience Methods, vol. 161, pp. 62-74, 2007.

L0 . BRIDY =77 7 F 2T —&, DC~300Hz, 0.5mm [E]E A

~



AT75ar: R EHREE
Optacon: Vision-Tactile Converter (1976)

Braille Display (Optacon), Linville 1976

https://www.youtube.com/watch?v=ghsXhqu8FCY

https://en.wikipedia.org/wiki/O&tiaczn

- \\3
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« Horizontal Vibratio
and compact system is achieved by this simple structure.

Hayward, Tactile display device using distributed lateral skin stretch,” ASME, DSC, 2009.

n is achieved by piezo drive. High density
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Simple Actuation by Heating Wire

Vibration e - Shape-memory alloy
A1 @=0.05mm
.
L =5mm
Insulator __ .
¢ =3mm

Imm

Input Signal

Lead (0.5-300 Hz)

o Actuators

I ¢ 25um Nichrome Wire, Heated with Pulse Fukuyama (2009) Tactile display using the vibration of

SMA wires and the evaluation of perceived sensations

« Very thin Nichrome wire can be elongated by heating. Can also quickly shrink.
« Similar phenomenon observed by SMA wire, but not necessarily SMA.
« Heating phenomenon = Smaller the quicker. Good for small tactile display \«

\

N



2D Matrix

Hiroyuki Kajimoto, Lynette Jones: Wearable Tactile
Display Based on Thermal Expansion of Nichrome
Wire, IEEE Transaction on Haptics, pp.257-268,

2019 8 by 4, 1.2mm interval. Up to 320 Hz vibration.
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Electrotactile display can be high-resolution at low cost

¢  THEIEWVZIFEVEY,

o ZOHHIIYEIIH A ERICESE R T o R (P EMTEIBL TR 2
HanDTEE)) ZIRIEL TR IE 2 ECSETNDTED.

o MITE 2, BRI Z B AR RS T 57 OIZiE, MBI A EZ T
THY#E, BT MEL TWDAERHY, PFZEREEL TR,

« Small, robust, no mechanical resonance, no noise, low power.

* Yet, many consider Electrical Shock not appropriate for daily use. Y



How to overcome FElectrical-Shock impression, and achieve natural sensation?

ch

1

EEIREE
O MNWE OO ®OO

. ’ . .
400 500 600 700 8
& (nm)
-

Meissner corpuscle
(low freq. vibration)

1Mim

Merkel cell
(pressure)

Ruffini ending

(shear deformation)

atial regolution

- =
Pacinian corpuscle _s_
(high freq. vibration) >

OHz Temporal resolution 1kHz

In vision, primary colors (RGB) are related to receptors’ characteristics.
If we selectively stimulate each type of receptors, we can use them as primare
colors. NS



GRS, T (R, k) 2854528,
Bl e (DO IEINFNHTED

Selective stimulation is possible by changing polarity

T

Meissner corpuscle E“
¥ I~ (low freq. vibration)

o
__ Merkel cell

(pressure) \

Ruffini ending
(shear deformation)

olution 1

=\

A
Pacinian corpuscle i.l/|/‘
(high freq. vibration) . >
OHz Temporal resolution 1kHz

If |‘t "
P sie_sle s (e sle sie Bl (e sle sl s

e Large electrode can stimulate deeper nerves —> Vibration sensation
.  Small electrode with cathode can stimulate Merkel —> Pressure sensation
. Small electrode with anode can stimulate Meissner —> Texture sensation

1cm Sp}itial re

« Kajimoto et al: Tactile Feeling Display using Functional Electrical Stimulation, ICAT 99
* V. Yem et al: Comparative Evaluation of Tactile Sensation by Electrical and Mechanical Stimulation. IEEE Trans. Haptics 2017.
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Possible reason nerve pathway and boundary conditions?
— 5 Merkel BZFE7K$I %

18 DR B XURIT X BE 2 WA Z & TRl 3= I =LV B | SNDH,
FRERE DRI Z RARTEITEST. BRIIER SR HB.

Although normal electrical stimulation uses a cathode to “charge” the nerve axons, the
peripheral nerves of the fingertips are characterized by pathways and elecfrlcm
boundary conditions of each receptor.
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Synthesis,of electrotactlle stimulation

applied / \
force 1

response ) = ps 8e
of RA IIIIII? ﬁEIII t
response EFRZR:
of SAI OO TPy ¢

applied | / \
force 1

anodic | _

pulse ‘ ‘ ‘ ‘ ‘ ‘ ¢ BIERIEICKDIREN R Z B A~ DRI
cathodic [ZEBRIHICREERZEIRA DR
pulse

HPE—RDRAA DRI B R il 572 5k

Sato et al.: Design of Electrotactile Stimulation to Represnt Distribution of Force Vectors, IEEE
Haptics Symposium 2010




BiFERYT 7 a—F e flio

(CHI2018) Haptic Revolver: Touch, Shear, Texture, and Shape Rendering on a Reconfigurable Virtual Reality
Controller, Eric Whitmire, Hrvoje Benko, Christian Holz, Eyal Ofek, Mike Sinclair

Haptic Revolver

Touch, Shear, Texture, and Shape Rendering
on a Reconfigurable VR Controller

Eric Whitmire', Hrvoje Benko’, Christian Holz’,
Eyal Ofek’, Mike Sinclair’

'Paul G. Allen School, University of Washington
’Microsoft Research, Redmond

AR P R D —Ff https://www.youtube.com/watch?v=kp01cD 4|
T 5T ETIT VRl kZ R .
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(CHI2019) Enhancing Texture Perception in
Virtual Reality Using 3D-Printed Hair
Structures, Donald Degraen André Zenner
Antonio Kruger

SHDTTIORFYDREMZE, Ron-K¥YDT
DAFv+VRAE TER.

| Supporting storytelling "
with texture N = Roughness

and renders multilevel roughness by altering those hairs’ direction.

(CHI2021)

TexelBlocks: Dynamic Surfaces For Physical (CHI2021) HairTouch: Providing Stiffness, Roughness

Interactions and Surface Height Differences Using Reconfigurable
Vivian Hsinyueh Chan, Yu-Chen Chan, Pin-Hsuan Brush Hairs on a VR Controller

Peng, Lung-Pan Cheng Chi-Jung Lee, Hsin-Ruey Tsai, Bing-Yu Chen
https://www.youtube.com/watch?v=KY180gbFecle https://www.youtube.com/watch?v=41t0-zszr{Y

APV RT R TTFIAF XL 25, HNED TS5 DILEE B LS T TR B S5 L5,
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S. Follmer et al., Jamming user interfaces: Haptic displays based on magnetorheologlcal fluids: design,
programmable particle stiffness and sensing for realization and psychophysical validation (2003)
malleable and shape-changing devices, UIST2012 https://ieeexplore.ieee.org/document/1191217

— ~—

i

/4
»

m@w-%@abaﬁb%- ent the gr‘adualyamic‘transr i e — N - e
o g X Ofard and vice vereamy Pinninginedes.allows greatershaperoutputaeriabdility

Matoba et al. : ClaytricSurface: An Interactive Surface With Stanley et al. Haptic jamming: A deformable geometry, variable
Dynamic Softness Control Capability, ACM SIGGRAPH stiffness tactile display using pneumatics and particle jamming,
Emerging Technologies, 2012. World Haptics Conference 2013.
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Mini Test. Submit in one week
YT DOLETIZI00F LN E THRE R X Answer all questions within 50 words

AT RO B ENZOWTHEBHE X Explain role of Merkel cell

<A R F—/IMEDORENZHOW T BB X Explain role of Meissner corpuscle.
IRF = /IMED R ENZHOUVTEEIHE X Explain role of Pacini corpuscle.

VT 4 =FRERDBEENZHOUWTEHEHE X Explain role of Ruffini ending

B R DR AT OV T X Explain mechanism of thermal sensation.
fak 52 DA BLEBENZHOUVWTEHEBIE X Explain tactile apparent motion

fi B DPRPEEL ST DOWTHEBHE X Explain cutaneous rabbit.

77 bt — a3 il O TEIHE X Explain Phantom Sensation
NNARYPAY 22— 3N DN TEBHE X Explain velvet illusion

10 P —=< V7 7LIUTON TR X Explain thermal referrel

11. == N7 INAV2a—T 3 NZHOWTaiBHE X Explain thermal grill illusion
12. DS B ZEITHOW T BHE & Explain five dimension of tactile feeling

S N e e
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Report: Try some tactile illusions

BEETHIAUICLL F O RBIL 2 RBITRR T 5, LAR—NTIMEBRO D%
H2#E, fEREIRRS, (BIZIXEDIIRSEM T RAHT o)

- NARYMER QADRETHLZ 7 YR THEN)

- Fishboneg &

- Thermal Referral

Experience the following illusions introduced in class. In your report, you will include pictures
of your experience and describe the results. (For example, under what conditions were the
illusions more likely to occur?

- Velvet illusion (you may use either two strings or racket)

- Fishbone illusion ‘ =

- Thermal referral X



